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INTRODUCTION
The rat is probably the orld»s most destructive pest and
in the animal world is one of man's worst enemies. It has been
estimated that these pests yearly cause approximately two hundred
millions of dollars of damage. This great loss includes not ire re-
ly destruction of food and property, but also losses due to fires
started, buildings undermined and chickens killed, Uso, these
rodents ere instrumental in the spread of disease, such as plat;ue,
and thus are a menace to the health of all the people. The plague,
caused by the organism, i-asteurella pestis
, is carried by the rat
and constitutes a rather serious menace in some parts of the world
even to-day, but in the thirteenth century, it is said that this
dread disease caused the d eath of one quarter of the entire pop-
ulation of Europe.
>U.though n.any thousands of dollars have been spent, both by
public and private agencies, in an attempt to eradicate these
pests, no great progress has been made in their complete elimina-
tion. Hats propagate extremely fast and therefore it is necessa-
ry to wage a constant warfare against them.
The most effective nc thods of rat control are (40): rat-
proofing of all buildings, preventing the animals from securing
food and shelter, poisoning, and trapping. The rat-proofing of
all buildings is the fundamental step after which those rats
which are present within can be exterminated and means taken for
the prevention of the entrtince of more of the pests, .although
meiasures for the permanent riddance of rats should be taken
wherever practicable, they usually must be combined with rat
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destruction, and ia many places continual rat-killing is the only
practical method of control. The most effective means of destroy-
ing rats is by poisoning.
The principal requirements for an ideal rat poison are safe-
ty, effectiveness, and economy. The rat poisons generally in use
a few years ago were compounds of arsenic, harium, phosphorus,
thallium, and strychnine, and these are still in use to a consider-
able extent at the present time. Hydrogen cyanide gas and calcium
cyanide dust are used extensively in ship fumigation. However,
these poisons possess toxic properties which not only destroy the
rats but also seriously menace the safety of not only wild and domes-
tic animals, but also that of human beings who might come in contact
with these poisons. The use of these poisons has declined in recent
years and they have been largely replaced by red squill.
Use of Red Squill as a Raticide
The most efficient means of destroying rats is by poisoning.
The chief objections to the use of poison are the danger to human
beings and domestic animals, and the possibility that the rats may
die in inaccessible places and cause offensive odors. The first
objection can be overcome by the use of a mild or a specific rat
poison, and the s econd by the use of a slow-acting poison. Red
squill subscribes to these conditions and may be considered as tbs
ideal rat poison. It has the distinct advantage of being relative-
ly harmless to human beings and other animals. This is partly due
to its acrid taste, which is objectionable to most animals, and also
to the fact that it usually acts as an emetic when taken in danger-
ou. quantities, p.at., hower, anally take it readily and do not
oalt, a© that red .quill is unique in that it is a poison apeeifie
to rats.
mouth, Sliver, and Hom (23) conducted a series of experiments
la which red squill was fed to dottle animals. Ceta, dogs,
chickens, aBd pigeon, were net seriously harmed by red squill pee-
der. Food poisoned with red .quill either was act eaten or, if
eaten, **. promptly vomited. Conae uentiy it is indicated that red
8fmiU 18 not to the« «i«aLi when expose in the concentra-
tion, recommended for rat poisons. One of the authors of the ahore
laeutiened paper .wallop a toxic red squill powder. This induced
nausea and vomiting, hut no other ill effect resulted.
Bed squill belong, to the genus Urginea, and bot^nieally 1.
fcnoaa as ttrgaea jgrttiga and also a. Urglnea aellla (51). it is
also called .cilia or sea onion and i. a perennial plant belonging
to the Illy family. Sclila bears a flowering stem and leaves at
different period, of the year. It grow, wild in southern Italy,
Sicily, ^rdinla, and other countries bordering en the ^editer-
ranean Sea. The onion-like bulbs are pear-shaped, from 15 to 30
centimeter* in diameter, and weighing from 300 to 2000 grams.
Photographs of the plant and bulb are given in Figure. I and U.
The bulb, are usually gathered during the dormant period in the
ssamer and in the early fall. The .cilia la a alow growing plant
usually taking from 5 to ? years to reach its maximum siae. The bulb
1. oompoeed of closely overlapping, fleshy scries. The outer scale,
ere dry, brittle and reddish brown; the inner scales vary from a
light yellowish to a deep mahogany color, while the central part of
the bulb or core is usually white.
Courtesy, V. S. Bureau of Biological Survey
A Typical Potted Red Squill Plant
The bulb weighs about 5 pounds.
Figure II
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The use and virtue of red squill as a raticide were known in
very early times when it was used as the fresh plant. to-day
in certain countries, it i 8 tradition to plant a squill bulb be-
hind the gate of entrance to the house, which is a remote illusion
to the ancient known virtues of squill in protecting against rats
and plague.
There are two commercial varieties of squill, white and red.
The only apparent difference between the two types is the resence
of pigment cells in the red squill while these cells are absent in
the white squill. White squill is used extensively in hu,,an medi-
cine as a heart tonic, emetic, diuretic, and nauseant expectorant.
Hed squill ha:; all of the properties of «hite squill and in addition
contains active constituents that are toxic to rats and which have
not been chemically isolated or identified.
Both the red and white s quill contain needle-like crystals
(calcium oxalate raphides) that are irritating to the skin and cause
a stinging sensation. These raphides also give the red squill its
acrid prickly taste which makes it objectionable to humans and most
animals, except rats and mice. It is probably this objectionable
taste combined with its emetic action which renders the squill rela-
tively harmless.
Red squill is usually used in the form of a dry powder which is
prepared either by oven-drying under controlled conditions or by sun-
drying. Ifunch, Silver, and Horn (23) have done considerable work on
the most effective methods of drying the fresh squill bulbs which
contain about 80 per cent moisture. They recommend removing the out-
er dry husks from fresh red squill bulbs obtained as soon as possible
aftor harvesting, and slicing the bulbs transversely into sections
one-fourth to one-half inch thick. The slices are then placed as
soon as possible in a drying oven, which has been previously heated
to 8OO0., and dried to constant weight at that temperature, it was
found that red squill dried at temperatures higher or lower than
80OC. was less toxic than when dried at approximately 80°C. The
material should then be ground so that it will pass through a 40-
meeh sieve. The resulting dry powder will contain from one to two
per cent moisture. This dried powder should then be stored in her-
metically sealed containers. hen thoroughly dried, souill does not
deteriorate, and if kept in air-tight containers it will retain its
original toxicity indefinitely. Lost of the oven-dried uroduct is
prepared in this country from imported fresh bulbs.
In making the sun-dried product (51), the bulbs after their
collection are deprived of their roots and dry membranous outer scales,
cut into slices transversely, aried in the sun and packed in casks for
shipment. The toxicity of the powder which is prepared by sun-drying
is considerably less and more variable than the powder which is pre-
pared under controlled conditions. Practically all of the sun-dried
product is imported.
The fact that rats have decided food preferences is well known,
and in baiting rats it is desirable to use the most effective attrac-
tants possible. To this end, O'Connor (26) conducted a great number
of feeding tests to determine the relative palatability of many foods
to rats. Ms results showed that raw meat, raw fish, rolled oats,
whole wheat, corn moal, bread crumbs, canned fish, canned neat, cooked
cereals, cheese, meat scraps, powdered milk, fish meal, fresh vege-
tables, cooked vegetables, and fresh fruits rank in approximately that
order. The use in foods of oils of caraway, anise, catnip, cinnamon,
and peppermint did not enhance the palatlbillty of the food to rats.
Concerning baits which contained red squill, rats seemed to prefer a
dry bait to a moist bait.
Considerable work has also been done on the preparation and
canning of ready-mixed red squill po«der baits (28) ( 26 ). it was
found that red squill powder would resist a temperature of ll0oC .
for 90 minutes ,-ithout destroying the toxicity in any way. Since
this wae so, it was possible to prepare ready-mixed canned red squill
baits. These canned baits have been given extensive field trials
through distribution by the U. S. Biologieal Survey to farmers and
others. Some of the results of these campaigns are summarized in
Table I by E. iff. Mills, Director of Rodent Control in the Northeast.
These data indicate the suitability of canned rat, baits and also
ehow the effectiveness of red squill in combating rate from a practi-
cal standpoint.
Hed squill has been used successfully as a raticide for many
years, but it has not come into extensive use until comparatively
recent years, and now it has generally displaced the chemical poisons,
such as barium and arsenic. The Danish anti-rat law of 1907 forbade
the use of these chemical poisons, but it did permit the use of squill
preparations. Aumann (1) lists nine commercial squill preparations
offered for sale in Germany in 1912. Robert (15), Lantz (19), Lere-
boullet (20), George (10), Howarth (14), and Schlupp (39) report on
the suitability of red squill as a rat poison. At the present time
the use of red squill as a rat poison is officially sanctioned by the
Public Health Services and Agriculture Departments of both the United
States and Great Britain.
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Physiological iiffect of Red squill on Rats
Rats that have eaten a fatal dose of red squill, usually be-
come somewhat lethargic. This period nay last from 4 to 14 hours,
during which time the animals do not appear to be in any pain. .fter
this period, they usually exhibit characteristic tremors and depres-
sion in the hind legs. This is followed by progressive paralysis of
the trunk and forelegs, breathing becomes difficult and the respira-
tory rate increases. *lso during this period, the animal rolls over
in a peculiar and characteristic manner. This rolling motion con-
tinues at frequent intervals until death. The animal appears to be
in considerable pain during this period, and whenever these symptoms
are observed, the rat rarely recovers, i ost-mortern examinations
(23) have indicated that death following red squill feeding is ap-
parently produced by respiratory rather than cardiac action. It has
been observed that the heart continues to beat after breathing has
stopped. Gunn and Heathcote (11) report that the rat has a very
marked lower susceptibility to the cardiac glucosides obtained from
squill and they conclude that the hypersueceptibility of the rat to
red squill is due to some constituent of the squill other than the
cardiac glucosides or to some difference in action other than the
action on the heart. Irritation of the digestive tract is also pro-
nounced but not to an extent that would prove fatal.
Previous Chemical Investigations
Considerable work has been done on the chemical study of the
active constituents of squill, but the rat-killing principle has
never been definitely isolated nor identified, i any of the products
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which have been obtained by extractions with various solvents have
been found to be impure mixtures. Furthermore, in many investiga-
tions reported, no differentiation is made as to whether red squill
or white squill has been studied, but for the most part the chemi-
cal work has concerned white squill and the heart-affecting glu-
coside present in it.
In 1925, George (10) made an exhaustive review of the chemi-
cal studies which had been made on squill. He states in his review
that there are four active constituents of squill which have been
found. Kopaczewski (16) isolated scillitin, C17Hp506, a yellow,
very bitter, nitrogen-free glucoside, very slightly voluble in wa-
ter and soluble in alcohol, which he considered as the toxic prin-
ciple of squill. Scillidiuretin, a strong diuretic was also iso-
lated by Kopaczewski. Buschmann (4) isolated xanthoscillide, a
yellow crystalline glucoside, which is insoluble in chloroform,
but soluble in boiling alcohol. A water-soluble toxic substance
was also isolated by ^wins (8) but not identified.
ocillitin, the glucoside which was isolated by Kopaczewski is
readily hydrolyzed, yielding dextrose and amorphous products. Smith
(41) prepared an aqueous extract of red squill which was not toxic
to rats and from Kopaczewski 's observations, he concluded that scil-
litin was absent from the extract as scillitin is practically insolu-
ble in water. Buschmann also obtained two other products from squill
a phytosterol glucoside in the form of slender indistinct needle s and
a small quantity of long slender needles, the character of which was
not further studied. However, he does not state in his work Whether
the plant used was red or white squill.
-9-
Kerck (21) has prepared two toxic substances, scillipicrine
and scillitoxin, the first of which is soluble in water, and the
second soluble in alcohol. However, scillitoxin has not been
identified as a definite chemical entity, ierck has also pre-
pared scillitin which was isolated by Kopaczewski.
Stoll and Suter (42) have been granted a patent for a pro-
cess of isolating a physiologically active glucoside, scillaren,
from white squill. Numerous other patents have been granted for
the preparation of cardioactive glucosides from squill (7) (12)
(13) (17) (18) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36)
(37) (38) (50), some of which will be discussed more completely
later, uandoz (30) has been granted a patent for the separation
of the cardioactive glucoside into two components, A and B.
Fieser in his recent monograph (9) gives a comprehensive re-
view of the work done by ! toll and collaborators (43) (44) (45)
(46) (47) (48) (49) at the andoz laboratory concerning the chem-
istry of scillaren A and its aglucone, scillaridin A. V.'hen the
glucoside, scillaren A, which has a formula, C36R520n, is hy-
orolyzed, it yields the aglucone, scillaridin k and the sugars,
glucose ind rhamnose..
. toll has studied the a
;
:lucone and has
found its formula to be 0o4H3003, and he has suggested the follow-
ing structure for scillaridin A.
CH-O-CO
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Claremont (6) published the results of analyses of 15 red
squill powders. His results are given in Table II. The fresh
bulb contains approximately 80 per cent moisture, and therefore
the powder will contain about one-fifth of the bulb contents.
He did not determine the absolute minimum toxicity of the pow-
ders and his results were rather variable. He states that there
is no obvious relationship between toxicity and sugar content
.
however i.unch (24) has examined his data more closely and found
that there was an inverse relationship between toxicity and sug-
ar content. It has been more or less passively assumed that the
rat-killing principle was a glucoside similar to the glucosides
mentioned previously and if this is so, one would expect a direct
relationship between toxicity and sugar content. However on anal-
ysis of Claremont's data, r unch found that as the amount of powder
required to kill increased, the amount of non-reducing sugar in-
creased rather than decreased. In other words, the higher the glu-
coside content (if the rat-killing; principle ia a glucoside) which
would be inverted to give non-reducing sugar, the lower the t oxici-
ty. This is exactly the opposite of the assumption which has been
made that the rat-killing principle is a glucoside, if Olareraont's
data are pertinent.
Olaremont also analyzed some samples of white squill and
found no essential difference between red and white squill, al-
though the non-reducing- sugar content was slightly lower in the
white squill. He also observed that white squill had no actl on on
rats.
Winton (52) conducted an investigation comparing the actions
of red and white squill. From his work he concludes that both red
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and white squill contain about the same amount of the cardiac gly-
coside as determined by frog assays, and that white squill has ab-
solutely no action on rats. He also fed some of the pure crystal-
lized glucoside to rats and obtained no toxic action. From this
he concludes that the cardiac glucoside and the rat-killing prin-
ciple are distinct substances, the latter of which is only res-
ent in red squill in si nificant amounts.
Since calcium oxalate was universally recognized as being
present in squill, lunch, Silver and Horn (23) fed calcium oxalate
to rats in doses as large as 1000 milligrams per kilo of body
weight, which is equivalent to 33,000 milligrams of squill per kilo,
without producing any evident effect. From these results, and since
calcium oxalate is found in white as well as
' red squill, they con-
cluded that the calcium oxalate could not be the primary cause of
the death of rats.
Purpose of the Investigation
The purpose of this investigation was to study the methods of
extraction, purification and possible identification of the speci-
fic rat-killing principle of red squill. The extraction work is a
continuation of studies started in 1933, the results of which are
reported in the author's taster's thesis (2) and vihich also have
been published (3). This work involved the extraction of the tox-
ic principle by means of suitable solvents and the determination of
the concentration of the toxic principle in these extracts. Toxici-
ty determinations on rats were made on the various extractions and
purified substances to check on the concentrations attained. ^Iso
-12-
the separation of the rat-killing principle and the cardiac gluco-
side, both of which are present in red squill, was attempted. An-
other portion of this study involves the isolation of the toxic
rat-killing principle as a pure substance, and the possible identi-
fication of the rat-killing principle as a definite chemical entity.
Since there is no chernicnl test for the toxic principle, the
toxicity of the various preparations was determined by means of
biological-assays on white rats. Claremont (5), and funch, Silver
and Horn (23) have observed that ;,ild (brown) rats are more suscep-
tible to squill poisoning than white rats, and since wild rats were
not readily obtainable, white rats were used in these assays.
-13-
SXPERII-riNTAL WORK
Method of Determining Toxicity
Since there is no chemical test for the toxic principle of
red squill it was necessary to resort to biological tests for the
determination of the concentration of the rat-killing principle in
the various preparations, white rats were used for these assays.
It has been noted before that white rats are less susceptible to
red squill than wild rats, and the results obtained with white
rats have proved to be very satisfactory. The following method
(26) for toxicity determination is essentially that described by
f.vunch, Silver and Horn (23).
The rats should be healthy, strong, young animals weighing
100 to 175 grams. The rat weights should be kept within this range
whenever possible. The rats are first weighed and placed in indiv-
idual cages, and are deprived of food for approximately 16 hours
but are given water. This procedure is followed so as to insire a
somewhat constant appetite and to favor a rapid and complete con-
sumption of the experimental diet.
A regular rat ration, which consists of 66 per cent ground
whole wheat, 33 per cent whole milk powder, and 1 per cent salt,
is passed through a fine-mesh screen. The sample of red squill
powder to be assayed is weighed and then thoroughly mixed with
this ration in the proportion of one part of squill powder to ten
parts of ration. This ratio is used to insure, in most cases, a
thorough clean-up by the rats. The weighed squill ration mixtures
are then placed in the cages in shallow glass containers. The
time when these containers are placed in the cages is noted,
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frequent inspections are made to determine the time at which all of
the food has been consumed. As a general rule the food is readily
eaten in a few hours. The dish is then removed and the rat left
without food for 12 hours. The animals are examined daily for 3
days, their conditions noted, and the dead removed, nfter the first
day, survivors are offered the regular diet. kl\ rats that die with-
in 3 days are considered to have been killed by squill. Table III
shows a typical tabulation of results obtained in determining t he
toxicity of a red squill powder.
Laboratory or commercially prepared extracts can also be as-
sayed for toxicity by feeding equivalent amounts of extract, a
definite quantity of extract is added to the laboratory rat ration,
which is then fed to rats at several levels.
A simple method of expressing results is represented in Table IV.
The limited data in this table show that large rats are less suscep-
tible to the toxic effects of red squill than smaller ones fed simul-
taneously with them. In general, the observations indicate that rats
weighing over 200 grams require more red squill than is required by
100-gram rats. In Sable IV the factor is 1,8.
Additional data were collected on the effect of size of male
rats on the relative toxicity of red squill preparations. These fig-
ures were collected over a period of several months and, in some cases,
may not be strictly comparable. However, they add weight to the re-
peated observation that large rats are more resistant to red squill
per unit body weight than small ones:
Feeding Level
500 mg./kg.
No. rats
fed k
750 mg./kg.
Weight of I. ale Rats
Grams
No. rats
fed killed
Below 175 (av. 135)
Above 175 (av. 240)
237
113
65.4
42.3
115
88
78.2
54.5
)5
! ]]iisi*ii*i«««
ft m to «# <o <s a> o> o -« w « *
If M N M
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The lethal dose is selected as the smallest amount of red squill
powder, in milligrams per kilogram of body weight, that kills at
least 80 per cent of the rats within 3 days and is referred to as
I
LDqq. This is an arbitrary figure but one vtoich seems to be in ac-
cord with experimental toxicity data. Hats vary considerably in
their resistance to red squill, and the results of toxicity determin-
ations will v«ry somewhat on repeat tests. ith reference to Table II,
LD80 f°r rats weighing 85 to 175 grams is 450 mg. per kg. and for rats
weighing from 175 to 400 grams, approximately 825 mg. per kg.
A considerable number of red squill preparations were assayed by
this method as shown in Table V. Red squill powder which had been in
storage for 3 years showed no deterioration. There was considerable
variation in toxicity among the preparations examined, attention is
called to the large relative variability in reaction of groups of
rats at different feeding levels. This inconstancy of the experimen-
tal animal makes necessary the use of a large number of rats at each
of several levels of feeding. The only sun-dried powder examined
was of the usual low tonicity of these sun-dried squills. Overdosage
of red squill produces the same toxic effects as minimum lethal dos-
age.
xtraction otudies
The extraction studies which are discussed are a continuation of
those studies which are reported in the author's J/sster's thesis (2)
and which have been published. The one great advantage of red squill
baits prepared from extracts over those prepared from powder is that
rats will repeatedly eat extract baits if they do not get a lethal
Table V
Toxicity of Twelve Commercial Red Squill Preparations
Feeding Level
per Kg.
Body
«t.
250
300
350
400
450
500
550
600
700
750
800
850
900
1000
2000
Powder
1
2>J/15
6/15
8/15
10/15
9/15
10/15
8/12
6/9
16/18
7/9
6/9
9/9
Powder 2
stored
3 Yrs.
7/8
3/3
Powder
3
7/9
I owder
4
0/5
0/5
6/8
x owder
5
3/5
• • •
5/5
• «
•
5/5
5/5
Powder
6
5/10
9/10
9/9
8/8
10/10
Appro*. LDgQ 700 400 450 900+ 450 400
Powder Powder
7 8
Sur
Powder Dric
9 Powde
Extract
1
Extract
2
extract
3
2/10
1/10
• • •
• • •
5/5
• •
.
8/18 10/18 4/5
• •
.
... 0/4 2/4 4/4
3/10
• n . ...
• • •
• • .
i/18 5/8 4/5
0/4
X/4 2/4
4/4
4/4
4/4
2/2
5/10
5/10
• • • 2/4
4/4
2/2
2/2
1000+ 750+ 950 800+ 600 500-
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dose with the first feeding. However with powder baits, if the rats
are not killed at the first feeding, they will refuse to eat mare
halt containing red squill powder. This refusal to eat the powder
again is probably due to the calcium oxalate raphides which give
the powder a very sharp taste which the rats probably remember.
This advantage of the baits prepared with red squill extracts is of
great consequence where it is necessary to wage a continuous cam-
paign against rats, and where the rats are not completely extermin-
ated by the first baiting. Another advantage of the extracts is that
they can be readily standardized and made to any desired strength.
Very little work has been done on the extraction of the toxic
principle of red squill, although there are numerous commercial ex-
tracts on the rarket at the present time, most of which are of little
value as raticides, ^mith (41) in 1921 prepared an aqueous extract
which was of no value, and he also prepared an alcoholic extract which
was toiic, although the marc was more toxic than the extract indicat-
ing that less than one-half of the toxic principle had been extracted.
He states that the alcohol apparently caused exosmosis to take place
from, the cells. In 1922, Claremont obtained toxic extracts by a sim-
ple cold maceration for 24 hours with water acidified by a trace of
HC1 (1/500 parts). He also prepared toxic extracts usins alcohol as
the solvent, but he says that the extraction of the toxic principle
was by no means complete and that alcoholic extraction does not offer
any particular advantage for practical purposes. Lunch, silver, and
Horn (23) found that the toxic prii.ciple of red scuill was soluble
In alcohol, but not in water, acetone, or chloroform. O'Connor (25)
also found that an alcoholic extract was toxic.
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In his raster's thesis, the author (2) (3) conducted an
investigation into the suitability and efficacy of various solvents
in the extraction of the toxic principle from red squill, using the'
iioxhlet extraction apparatus. The results are given in Table VI,
and show that methyl and ethyl alcohol were the best solvents tried,
both extracting practically all of the rat-killing principle. ! eth-
yl alcohol was possibly slightly more efficient than ethyl alcohol.
Such solvents as water, ethyl ether, ethylene dichloride, and
acetone did not extract any of the tosic principle. It is * own
that the four hour doxhlet extraction with methyl alcohol is the
shortest time which will extract the maximum amount of the toxic
principle. Attempts were also made to extract the toxic principle
by shaking and stirring the red squill pfcwder with the solvent , but
the results were very poor as can be seen from Table VII. It was
also noticed that an extract which was prepared from coarse powder
was more toxic than one prepared from fine powder, in a short period
of extraction, both bein f^ prepared in the same manner and under the
same conditions.
The present investigation is a continuation of the studle s
noted above. A few new solvents wore tried and the preparation of
red squill extracts was attempted on a larger scale both in tti e lab-
oratory and commercially.
Preparation of ,xtracts for Feeding Tests
.ifter the liquid extracts had been prepared, the solutions were
concentrated on bran in order to make them more easily handled and to
render them more palatable to rats. Bran has proved to be very sue-
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cessful as a drying agent and it appe rs to be very palatable t o rats.
By adding a varying amount of bran to the extract, a dried product
can be prepared of any desired strength and in this way the extracts
can be readily standardized. If the extract should be weak, only a
small amount of the bran is added, so that the rat does not have to
eat an excessive amount of the dried material to get a toxic dose.
After the desired amount of bran had been added to the extract,
the solution waa evaporated dry in a tunnel drier in a current of
warm air at a temperature of approximately 50°C. This insured the
complete removal of the solvent, leaving the toxic constituent de-
posited on the bran, so that a dry product waa obtained, and also
any undesirable flavor or effect vhich might be caused by the solvent
would be removed.
This dried product was then weighed and the relation of its
weight to the weight of the original sauill powder from which the ex-
tract was made, was determined and the baits computed from this rela-
tionship, i'or example, suppose that 9 grams of dried extract «ere
obtained from 15 grams of red squill powder, then U.6 v.rams of the
dried e xtract would be equivalent to 1 ^raiu of powder. (In refend-
ing tc the dried extract, the extract as dried on bran is meant.)
Therefore in making up the baits, only 0.6 as much of the dried ex-
tract has to be used, as of the powder, i'he rats do not have to
consume as much of the dried extract as of the powder to obtain the
same amount of toxic constituent, i.e
. ,
assuming that all of the
toxic constituent has been extracted from the powder. In general,
the attempt was made to have the weight of the dried extract and its
eauivalent of powder as nearly equal as possible. By computing the
baits in this manner, a direct comparison of the extract and the
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powder can bo made and the efficiency of the extraction determined.
Extraction by iercolation
These red squill extracts were prepared on a larger scale and
using larger amounts of powder than it was possible to use with the
Soxhlet extraction apparatus. The extracts were prepared in a water-
jacketed percolator, fitted with a thermostatic heat control, a dia-
gram of which is given in Figure III. The red squill powder was
placed in the percolator with a layer of cotton under it to filter
off the powder when the extract was drained off. After the powder
had been added to the percolator, the solvent was poured over it .
The details of the method of preparation of the individual extracts
are given below along with the calculations used in computing the
baits and the toxicity of the final product.
The toxicity of the red squill powder which was used in making
these extracts is given below:
700 mg./kg. 5/5
600 mg./kg. 5/5
500 mg./kg. 5/5
400 mg./kg. 3/5
Extract - LS - 100
250 grams of red squill powder were placed in the percolator and
1875 cc. of methyl alcohol (1:6 by weight) were added. The alcohol
was allowed to drain through the powder, at room temperature, a
process which required about nine hours, all of the color seemsd to
have been extracted after about eight hours, for the menstruum which
was coming through at this point was practically colorless, while the
i'ife-ure III
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first which came through was a deep red in color. The volume of the
extract at the finish was 1525 cc. showing a loss of 350 cc. vfaich
was probably due to absorption and evaporation. A 100 cc. sample
of this extract was taken and its toxicity determined.
Preparation of dried extract
1525 cc. extract * 250 grams powder
100 cc. sample = 16.4 grams powder
12 grams of bran were added to the sample of extract and the
methyl alcohol was evaporated.
height of dried extrsct and bran - 14.395 grams.
Weight of dried extract - 2.395 grams.
Percentage of powder extracted - 14.6.
16.4 grams powder s 14.395 grams dried extract and bran.
1 gram powder 0.8?7 grains dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-100
1000 mg./kg. 4/4 (4 days)
750 mg./kg. 3/4 (1 very sick)
500 mg*/kg. 3/4 (1 very sick)
250 mg./kg. 0/4
Extract - LS-101
The remainder of the extract (1425 cc.) from LS-100 was drained
through the same charge of powder tho second time. The time required
for the extract to drain through was approximately seven hours. There
was no appreciable change in color of the extrsct after the second
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draining through the powder. The volume of extract at the finish was
1375 cc. showing a loss in volume of 50 cc. A 100 ec. sample of this
extract war taken and its toxicity determined.
In this calculation it was assumed that all of the toxic princi-
ple had been extracted in the first run and tberefore the 16.4 grams
(first sample) was deducted from the first charge of powder. Prob-
ably the toxic principle was not completely extracted in the first
run, but the amount remaining would not ruake any ap ;reeiable differ-
ence in the toxicity of the second extract. If there were any dif-
ference, the extract would be slightly more toxic.
12 grams of bran were added to the sample and the methyl al co-
hol was evaporated.
Weight of dried extract and bran - 14.480 grams,
weight of dried extract - 2.480 grai;is.
Percentage of powder extracted - 14.6.
16.9 grams powder = 14.480 grams dried extract and bran.
1 gram powder 0.857 grains dried extract and bran.
Preparation of dried extract
1375 cc. extract * 233.6 grams powder
100 cc. extract 16.9 grams powder
Baits were calculated from this ratio.
Toxicity of LS-101
1000 mg./kg. 2/4 (2 very sick)
750 mg./kg. 4/4
500 mg./kg. 3/4 (1 very sick)
250 mg./kg. 0/4
axtract-LS-102
The remainder of the extract {1275 cc.) from LS-101 was dia ined
through the sarae charge of powder the third time. The time recu ired
for the extract to drain through the third time was approximately
six hours. There was no appreciable change in color of the extract
after the third draining through the powder. The volume of the ex-
tract at the finish was 1220 cc, showing a loss in volume of S&cc.
A 100 cc. sample of this extract was taken and its toxicity determined.
Preparation of dried extract
1220 cc. extract = 216.7 grams powder
100 cc. extract « 17.7 grams powder
12 grams of bran were added to the sample and the methyl alcohol
was evaporated.
f'/eight of dried extract and bran - 14.585 grams
.eight of dried extract - 2.585 grams
Percentage of powder extracted - 14.6
17.7 grams powder 14.565 grams dried extract a nd bran
1 gram powder - 0.824 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-102
1000 mg./kg. 4/4
750 mg./kg. 1/4 (3 sick)
500 mg./kg. 1/4 (3 sick)
250 mg./kg. 0/4
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Toxicity of marc after preparation of extracts LS-100-1C 1-102
3000 nig. /kg. 3/3
2000 mg./kg. 1/4 ( 3 sick)
1000 mg./kg. 0/4
Extracts LtS-100-101-102 show that no greater toxicity is obtained
by draining the extract through the same charge of powder more than
once. In fact, there appears to be a slight diminuition of toxicity
which may be due to a reabsorption by the powder.
Extract-LS-105
250 grams of red squill powder were placed in the percolator
and 1875 cc. of methyl alcohol were added and allowed to drain through
the powder. The time required for this was approximately six hours.
The volume at the finish was 1520 cc, showing a loss in volume of
355 cc. A 100 cc. sample of this extract was taken and its toxicity
determined.
Preparation of dried extract
1520 cc. extract - 250 grams powder
100 cc. extract - 16.45 grams powder
12 grams of bran were added to the sample and the solvent was
evaporated.
.eight of dried extract and bran - 13.080 grams
Weight of dried extract - 1.080 grams
Percentage of powder extracted - 6.6
16.45 grams powder • 13.080 grams dried extract and bran
1 gram powder « 0.795 grams dried extract and bran
Baits were calculated from this ratio.
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Toxicity of La-105
1000 mg./kg. 4/4
750 mg./kg. 1/4 ( 3 very sick)
500 mg./kg. 1/4 ( 2 sick)
250 tng./kj 0/4
Toxicity of marc from LS-105
3000 mg./kg. 4/4
2000 tng./kg. 4/4
j!xtract-L3-104
The remainder of the extract (1420 cc.) from LS-103 was drained
through a fresh charge of red squill powder (188.8 grams). This re-
quired approximately five hours to d rain through. The volume at t he
finish of the extraction was 1130 cc, showing a loss in volume of
290 cc. A 100 cc. sample of this extract was taken and its toxicity
determined.
1130 cc. extract * ( 233. 55*188. 8=422. 35) grams powder
100 cc. extract 37.37 grams powder
20 grams of bran were added to the sample and the solvent was
evaporated.
>.eight of dried extract and bran - 22.000 grams
Weight of dried extract - 2.000 grams
: ercentage of powder extracted - 5.3
37.37 grams powder » 22.000 grams dried extract and bran
1 gram powder s 0.588 grams dried extract and bran
Preparation of dried extract
Baits were calculated from this ratio.
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Toxicity of LS-104
10G0 mg./kg. 4/4
750 rag. /kg. 4/4
500 mg./kg. ?./4 ( 2 sick)
250 rag. /kg. 0/4
Toxicity of marc from LS-104
3000 mg./kg. l/4
Extract-LS-105
The remainder of the extract (1030 cc.) from LS-10-1 was drained
through a fresh charge of powder (136.6 t;rams). This required ap-
proximately five hour:? to drain through. The volume of the extract
at the finish was 850 cc, Showing a loss in volume of 180 cc. A
100 cc. sample of this extract was taken and its toxicity determined.
35 grams of bran were added to the sample and the solvent was
evaporated.
weight of dried extract and bran - 38.799 frrams
Weight of dried extract - 3.799 ^raras
Percentage of powder extracted - 6.2
61.25 grams powder * 38.799 grams dried extract and bran
1 gram powder 0.633 grams dried extract and bran
.Preparation of dried extract
850 cc. extract = (384. 98+136. 6=521. 58) grams powder
100 cc. extract = 61.25 grams ponder
Baits were calculated from this ratio.
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Toxicity of LS-105
1000 mg./kg. 1/4 (3 sick)
750 mg./kg. 0/4 (3 sick)
500 mg./kg. 0/4 (2 sick)
250 xug. /kg. 0/4
Toxicity of marc from LvS-105
3000 rag. /kg. 4/4
&xtracts-L3-103-104-105 show that there is possibly a saturation
point for the solubility of the toxic principle in alcohol.
Extract -LS-106
250 grams of red squill powder were placed in the percolator and
1875 cc. of ethyl alcohol were added. The alcohol was allowed to drain
through the powder, at room temperature, a process which required about
10 hours. The final volume of the extract was 1485 cc, showing a loss
in volume of 390 cc. A 100 cc. sample of this extract was taken and
its toxicity 6eterLd.ned.
^reparation of dried extract
1485 cc. extract 250 grams powder
100 cc. extract - 16.8 grams powder
12 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and bran - 12.540 grams
.eight of dried extract - 0.540 grams
percentage of powder extracted - 3.21
16.8 grams powder = 12.540 grams dried extract and bran
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1 gram powder = 0.746 grama dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-106
1000 mg./kg. 0/4 (3 sick)
750 mg./kg. 0/4
500 mg./kg. 0/4 (1 sick)
250 mg./kg. 1/4 (1 sick)
Kxtract-L|j-107
The remainder of the extract (1385 cc.) from LS-106 was allowed
to drain through the same charge of powder the second time. The
time required was approximately nine hours. The final volume of the
extract was 1380 cc. A 100 cc. sample of this extract was taken and
its toxicity determined.
Preparation of dried extract
1380 cc. extract = 233.2 grams powder
100 cc. extract * 16.9 grams powder
12 grains of bran were added to the sample and the solvent was
evaporated.
eight of dried extract and bran - 12.405
;?rams
..eirht of dried extract - 0.405 grams
I'ercentage of powder extracted - 2.39
16.9 grams powder 12.405 grams dried extract and bran
1 gram powder * 0.734 grams dried extract and bran
Baits were calculated from this ratio.
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Toxicity of LS-I07
1000 mg./kg. 0/4 (1 sick)
750 mg./kg. 2/4 (1 sick)
500 mg./kg. 0/4 (3 sick)
250 mg./kg. 0/4
?;xtract-LS-108
The remainder of the extract (1280 cc.) from LG-107 was drained
through the same charge of powder the third time. The time required
to drain through was approximately nine hours. The final volume was
1275 cc. a 100 cc. sample of this extract was taken and its toxici-
ty determined.
Preparation of dried extract
1275 cc. extract i 216.3 jrams powder
100 cc. extract - 16.9 grams powder
12 grams of bran were added to the sample and the solvent was
evaporated.
weight of dried extract and bran - 12.345 -rams
weight of dried extract - 0.345 grama
Percentage of powder extracted - 2.04
16.9 grams powder * 12.345 grams dried extract and b ran
1 gram powder - 0.730 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-108
1000 mg.Ae. 1/4 (2 sick)
750 mg.Ae. 1/4 (2 sick)
500 mg./kg. 0/4 (1 sick)
250 mg./kg. 0/4 (1 sick)
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Toxicity of marc from LS-106-107-108
3000 mg. /kg. :-:/3
Sxtracts-Lij-106-107-108 show that ethyl alcohol is not as ef-
ficient a solvent a s uethyl alcohol, and that no great advantage
is obtained by training the menstruum through the charge of powder
more than once.
i£xtract-LS-109
250 grams of red squill powder were placed in the percolator
and 1875 cc. of ethyl alcohol were added. This was heated to a temper-
ature of 60°C. and was maintained at this temperature vrhile the alcohol
drained through the powder v;hieh required about six hours. The volume
of the extract at the finish was 1560 cc. A 100 cc. sample of this
extract was taken and its toxicity determined.
Preparation of dried extract
1560 cc. extract - 250 grams powder
100 cc. extract - 16.02 grams powder
12 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and bran - 13.995 grams
Weight of dried extract - 1.995 grams
-Percentage of powder extracted - 12.5
16.02 grams powder = 13.995 grains dried extract and b ran
1 gram powder = 0.874 grams dried extract and bran
Baits were calculated from this ratio.
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Toxicity of LS-109
1000 mg./kg. 0/4 (3 sick)
750 nig. /kg. 2/4 (2 aick)
500 Fig. /kg. 1/4 (2 sick)
250 nig, /kg. 0/4 (1 sick)
Toxicity of marc from LS-109
3000 mg./kg. 2/3
iiixtract-Lb-llO
250 grains of red squill powder were placed in a cheesecloth bag
and placed in the percolator and 1875 cc. of ethyl alcohol were poured
over it. The powder was soaked in the alcohol for four hours at a
temperature of 70°C. The extract was then drained off and its final
volume was 1550 cc. k 100 cc. sample of this extract was taken and
its toxicity determined.
12 grains of bran were added to the sam-ile and the solvent re s
evaporated.
Weight of dried extract and bran - 13.015 grams
weight of dried extract - 1.015 grams
jpercentage of powder extracted - 6.3
16.1 grams powder ~ 13.015 gr; ms dried extract and brsn
1 gram powder = 0.808 grams dried extract and bran
Baits were calculated from this ratio.
reparation of dried extract
1550 cc. extract = 250 grams powder
100 cc. extract * 16.1 grams powder
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Toxici ty of LS-110
1000 mg./kg. 2/4 (2 sick)
750 rag. /kg. 0/4 (3 sick)
500 mg./kg. 0/4
250 rag. /kg. 0/4
Toxicity of marc from LS-110
3000 mg./kg. 1/4
rJxtract-LS-111
250 grams of red squill powder were placed in a cheesecloth
bag and placed in the percolator and 1875 cc. of methyl alcohol were
poured over it. The powder was soaked in the solvent for four hours
at a temperature of 60°C, and then the extract was drained off. The
final volume of the extract was 1530 cc. A 100 cc. sample of this ex-
tract was taken and its toxicity determined.
12 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and bran - 14.385 grams.
Weight of dried extract - 2.385 grams
Percentage of powder extracted - 14.6
16.3 grams powder * 14.385 grams dried extract and bran
1 gram powder - 0.882 grams dried extract and bran
Baits were calculated from this ratio.
g reparation of dried extract
1530 cc. extract * 250 grams powder
100 cc. extract = 16. 3 grams powder
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Toxicity of LS-111
1000 mg./kg. 4/4
750 Lug./kg. 2/4 (2 very sick)
500 mg./kg. 0/4 (4 very sick)
Toxicity of marc from LS-111
3000 mg./kg. 1/4
iXtracts-LK-109-110-111 show that the efficiency of the extraction
of the toxic principle from red squill powder is enhanced by the heat-
ing of the material during the extraction process. xtract-LS-111 also
shows the advantage of methyl alcohol over ethyl alcohol in the extrac-
tion of the toxic principle.
;xtract-LS-112
250 crams of red squill powder were placed in a cheesecloth hag
and placed in the percolator and 1875 cc. of solvent, consisting of
50 per cent methyl alcohol and 50 per cent ethyl alcohol, was poured
over it. The powder wl.s soaked in the solvent for four hours at a
temperature of 60°C, and then drained off. The final volume of the
extract was. 1520 cc. a 100 cc. sample of this extract was taken and
its toxicity determined.
1520 cc. extract = 250 grams powder
100 cc. extract » 16.4 grains powder
12 grams of bran were added to the sample and the solvent wbb
evaporated.
I reparation of dried extrac
t
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Weight of dried extract and bran - 13.080 grams
.eight of dried extract - 1.080 grams
Percentage of powder extracted - G.6
16.4 grams powder = 13.080 exams dried extract and bran
)
1 gram powder - 0.797 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-112
1000 mg./kg. 4/4
750 mg./kg. 3/4 ( 1 very sick)
500 mg./kg. 2/4 ( 2 very sick)
Toxicity of marc from LS-112
3000 mg./kg. 2/4 ( 2 very sick)
Extract-LS-112 shows that a mixture of methyl and ethyl alcohols
extracts more of the toxic principle than ethyl alcohol but not more
than methyl alcohol, as would be expected.
I-;xtract-LS-115
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator and 940 cc. of methyl alcohol (1:3 by
weight) were poured over it. The powder was soaked in the hot solvent
fur a period of four hours at a teraperature of 60°C, and then tha ex-
tract was drained off. The final volume of the extract was 600 cc. A
100 cc. sample of this extract was taken and its toxicity determined.
i-reparation of dried extract
600 cc. extract = 250 grams powder
100 cc. extract * 41.7 grams powder
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24 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and hran - 27.915 grains
Weight of dried extract - 3.915 grams
l
Percentage of powder extracted - 9.4
41.7 ;rams powder = 27.915 grams dried extract and hran
1 ram powder = 0.669 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of Lb-113
1000 mg./kg. 4/4
750 mg./kg. 4/4
500 mg./kg. 4/4
Toxicity of marc from L3-113
3000 mg./kg. 1/4 (1 very sick)
Extract-LS-114
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator and 940 cc. of the solvent, consisting
of 50 per cent methyl alcohol and 50 per cent ethyl alcohol, were
poured over it. The powder wus soaked in the solvent for a period
of four hours at a temperature of 60°C, and then the extract was
drawn off. The final volume of the extract was 640 cc. A 100 cc.
sample of this extract was taken ami its toxicity determined.
Preparation of dried extract
640 cc. extract - 250 grams powder
100 cc. extract 39.1 grams powder
24 grams of bran were added to the sample and the solvent was
evaporated
.
eight of dried extract and bran - 25.615 grams
eight of dried extract - 1.G15 grams
Percentage of powder extracted - 4.2
39.1 grams powder * 25.615 grams dried extract and bran
1 gram powder » 0.655 grams dried extrwct and bran
Baits were calculated from this ratio.
Toxicity of LS-114
1000 mg,/kg. 3/4 {1 very sick)
750 mg./kg. 4/4
500 mg./kg. 2/4 (2 very sick)
Toxicity of marc from Ll=-114
3000 mg./kg. 1/4 (2 very sick)
Extract-L6-115
250 grams of red squill powder were placed in a cheesecloth ba
and placed in the percolator and 625 cc. of methyl alcohol (1:2 by
weight) were poured over it. The powder was soaked in the solvent
at a temperature of 60°C. for a period of four hours end then the
extract was drawn off. The final volume of the extract was :;20 cc.
A 100 cc. sample of this extract was taken and its toxicity deter-
mined.
I reparation of dried extract
320 cc. extract ' 250 grams powder
100 cc. extract 78.1 grams powder
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40 grains of bran were added to the sample and the solvent was
evapora ted.
Weight of dried extract and bran - 46.220 grams
Weight of dried extract - 6.220 grama
Percentage of powder extracted - 7.9
78.1 grams powder s 46.220 grams dried extract and bran
1 grain powder « 0.599 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-115
1000 mg./kg. 4/4
750 mg./kg. 2/4 (2 very sick)
500 mg./kg. 2/4
Toxicity of marc from LS-115
3000 mg./kg. 2/4 (2 very sick)
Extracts-i,S-113-114-115 show that the ratio of solvent to powder
can be decreased vdthout affecting the efficiency of the extraction
process. In iJxtract-L5-115, the relationship of solvent to powder
by weight was decreased to 2:1 and as toxic an extract was produced
as when the ratio was 6:1.
j';xtract-u;-116
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator and 940 cc. of nethyl alcohol were added.
The powder was soaked in the alcohol for a period of three days at
room temperature, and then the extract was drawn off. The final volume
of extract wes 600 cc. X 100 cc. sample of this extract was taken and
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its toxicity determined.
Preparation of dried extract
600 ec. extract = 250 grams powder
100 cc. extract * 41. G7 grams powder
25 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and bran - 25.383 grama
Weight of dried extract - 0.383 grama
Percentage of powder extracted - 0,92
41.67 grams powder = 25.383 grams dried extract and bran
1 gram powder ~ 0.609 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of Lii-116
1000 mg./kg. 4/4
750 mg./kg. 2/4 (2 very sick)
500 mg./kg. 2/4 ( 2 very sick)
Toxicity of marc from LC-116
3000 mg./kg. 4/4
Wxtract-LS-117
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator and 1875 cc. of methyl alcohol were
added. The powder was soaked in the alcohol for a period of three
days at a temperature of 60°C, and then the extract was drawn off.
The final volume of the extract was 1000 cc. a 100 cc. sample of
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this extract was taken and its toxicity determined.
Preparation of dried extract
1000 cc. extract 250 grams powder
100 cc. extract * £5 grams uowder
20 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and bran - 22.745 grams
'.eight of dried extract - 2.745 grams
Percentage of powder extracted - 10.98
25 grams powder = 22.745 grams dried extract and bran
1 gram powder = 0.910 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-117
1000 mg./kg. 4/4
750 mg./kg. 4/4
500 mg./kg. 4/4
toxicity of marc from LS-117
3000 mg./kg. 1/4
Sxtract-LS-118
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator, and 940 cc. of methyl alcohol were
added. The powder was soaked in the alcohol at room teuperature for
a period of six days and then the extract was drawn off. The final
volume of extract was 465 cc. An 80 cc. sample of this extract was
taken and its toxicity determined.
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Preparation of dried extract
465 cc. extract - 250 grams powder
80 cc. extract » 43.01 grams powder
25 grams of bran were added to the sample and the solvent was )
evaporated
.
eight of dried extract and bran - 26.70 grams
Weight of dried extract - 1.70 grams
Percentage of powder extracted - 3.9
43.01 grams powder a 26.70 grams dried extract and bran
1 gram powder s 0.621 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LS-118
1000 mg./kg. 5/6
750 mg./kg. 4/6
500 mg./kg. 3/6
Toxicity of mare from LS-118
3000 mg./kg. 4/4
liSctractn-LS-116-117-118 show that percolation for long periods
of time does not greatly enhance the production of more toxic extracts.
3xtract-m-123
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator and 1875 cc. of methyl alcohol were added.
The powder was soaked in the alcohol fcr three days at a temperature of
60°C, and then the extract was drawn off. The final volume of extract
was 1270 cc. A 100 cc. sample of this extract wns taken and its toxici
ty determined.
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Preparat.jon of dried extract
1270 cc. extract - 250 grams powder
100 cc. extract = 19.7 grains powder
15 grams of bran were added to the sample and the solvent was
evaporated.
Weight of dried extract and bran - 15.885 grains
ft'eight of dried extract - 0.885 grams
Percentage of powder extracted - 4.5
19.7 grams powder - 15.885 grams dried extract and bran
1 gram powder = 0.806 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of LK-123
lOOOmg./kg. 3/4 (1 sick)
750 mg./kg. 2/4 (2 sick)
500 mg.Ag. 2/8 (4 sick)
Extract-LS-124A
1875 cc. of fresh meth.l alcohol was poured over the marc from
LS-123 and the marc was allowed to soak for three days at a temper-
ature of 60°C. The extract wa3 drawn off and its volume was 1600cc.
Toxicity of marc from U>-124A
3000 mg./kg. 0/4
Extract-LS-124B
250 grams of red squill powder were placed in a cheesecloth bag
and placed in the percolator and the extract from LS-124A. was added.
The powder was allowed to soak in the solvent at a temperature of
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60°C. for three days and then the extract was drawn off. The final
volume of the extract was 1160 cc. A 100 cc. sample of this extract
was taken and tis toxicity determined.
i
I-reparation of dried extract
1160 cc. extract = 250 grams powder
100 cc. extract * 21.55 grams powder
20 grams of bran were added to the sample and the solvent was
evaporated
.
Weight of dried extract and bran - 22.860 grams
Weight of dried extract - 2.860 grams
Percentage of powder extracted - 14.3
21.55 grams powder = 22.860 grams dried extract and bran
1 gram powder » 1.060 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of Lo-l24B
1000 mg./kg. 4/4
750 mg./kg. 4/4
500 mg./kg. 4/4
Toxicity of marc from LS-124B
3000 mg./kg. 0/4
i2xtrscts-LS-123-124A-l?.:4B show that by re-extracting the marc re-
maining from one extraction with fresh alcohol, more of the toxic prin-
ciple was extracted, inasmuch as the marc was less toxic than in any
of the preceding extractions. However, the results do not show this
definitely in Hxtract-LS-124B since the toxicity determinations were
not extensive enough to demor.str&te tbis.
.axtract-m-1000 I
A large quantity of red squill extract was prepared at a small
canning plant in Barnstable, lass, for use by the Bureau of Biologi-
cal Purvey in conducting rat campaigns in various sections of the
country. By preparing these large amounts of extract, it was possi-
ble to determine how efficient the methods of extraction were when ap-
plied on a conaaercial scale. Four lots of extract were prepared in the
same manner, with the exception that in the preparation of the extracts
dried on bran, different nethods were used for each lot.
The red souill po.;der was placed in a saugar bag and placed in a
large steam- jacketed kettle and methyl alcohol was added. The powder
was allowed to soak in the alcohol for a period of four hours at a temper-
ature of approximately 60°C. At the end of this time, the extract was
drawn off and poured back over the powder twice and allowed to drain.
Then bran was added to the extract and the solvent was evaporated. The
data for each lot are given separately.
Lot 1
The charge of red squill powder used was 52.5 pounds and tie
weight of methyl alcohol was 15C pounds. A.fter th® extract had been
prepared, 30 pounds of bran were added to it and the alcohol was evap-
orated by spreading out and drying in the sun and wind.
Toxicity of Lot 1
1000 mg./kg. 3/4 (1 very sick)
750 mg.Ag. 3/4 (1 very sick)
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Lot 2
The charge of red squill powder used was 51 pounds and the weight
of methyl alcohol was 180 pounds. After the extract had heen prepared,
30 pounds of bran were added to it, and the alcohol was evaporated
by drying in a vacuum pan.
Toxicity of Lot 2
1000 mg. /kg. 4/4
750 mg./kg. 3/4 (1 very sick)
Lot 3
The charge of red sruill powder used was 52 pounds and the might
of methyl alcohol was 150 pounds. a.fter the extract had been prepared,
30 pounds of bran were added to it, and the alcohol was evaporated by
drying in an open kettle.
Toxicity of Lot 3
1000 mg./kg. 0/4 ( 2 sick)
750 mg./kg. 2/4
Lot 4
The charge of red squill powder used was 76 pounds and the weight
of methyl alcohol was 210 pounds. ;iftor the extract had been prepared,
75 pounds of bran were added to it, and the alcohol was evaporated by
spreading out and drying in a hot room.
Toxicity of Lot 4
1000 mg./kg. 4/4
750 mg./kg. 3/4 (1 sick)
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The bran containing the dried extract f rem the above four lots
of extracts was thoroughly mixed together and its toxicity determined.
Toxicity of niKtai-o of four lots
)
1000 Kg. /kg. 3/4 (1 sick)
750 mg./kg. 2/4 (1 sick)
This bran containing the dried extract was then made up into a
dry bait consisting of rolled oats, ground wheat, and corn meal. The
toxicity of the bait itself was then determined.
Toxicity of bait
1250 iag. /kg. 7/8 (1 very sick)
1000 mg./kg. 7/8 (1 very sick)
750 mg./kg. 5/8 (2 very sick)
gxtract-LS-1001
Through the courtesy of Dr. Schenley of the Baker iSxtract Go. of
Springfield, Lass., a large batch of red squill extract was prepared,
using a large percolator which is used in making coffee extracts. The
red squill powder was soaked in methyl alcohol over night and then
placed in the percolator. Then one-half of the total amount of al-
cohol to be used was added. The alcohol was drained from the percola-
tor until a clear solution was obtained and then this alcohol which
had been drained off was poured back into the percolator. This was
then heated at 55°C. for about four hours, when the extract was
drained off. Then the second half of the alcohol was poured into the
percolator and was heated for four hours at 55°C. Then this second
extract was drained off, the marc was pressed dry and the two extracts
combined.
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A second extract was also prepared using a fresh charge of powder.
This extract was prepared in exactly the same rianner as the first one.
Then the two extracts were combined. The data for the two extracts
and their toxicity determinations are given below:
Extract 1
Charge of red squill powder - 49.75 pounds
Total amount of methyl alcohol used - 22.5 gallons
Yield of extract - 18 gallons
A one-half pint sample of this extract was then taken and its
toxicity determined.
One-half pint extract = 78.3 grams powder
50 grams of bran were added to the sample and the solvent v;as evaporated,
weight of dried extract and bran - 57.42 grams
height of dried extract - 7.42 grams
Percentage of powder extracted - 9.4
78.3 grams powder = 57.42 grams dried extract and bran
1 gram powder = 0.733 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of extract 1
750 nig. /kg. 12/12
500 nig. /kg. 12/12
300 log. /kg. 10/12 (2 very sick)
Toxicity of marc
3000 mg./kg. 0/8
Extracts 1 and 2
After the two extracts had been prepared, they were mixed to-
gether, and the toxicity of the mixture was determined on a one-half
pint sample.
Total charge of powder - 100 pounds
)
Total yield of extract - 36.25 gallons
One-half pint of extract * 78.OS graniB powder
50 grams of hran were added to the extract and the solvent was evapo-
rated.
weight of dried extract and bran - 58.9 grams
weight of cried extract - 8.9 grams
Percentage of powder extracted - 11.4
78.09 grains powder = 58.9 ^rams dried extract and bran
1 gram powder = 0.754 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of mixture of extracts 1 and 2
500 mg./kg. 12/12
300 mg./kg. 7/8 (1 sick)
Extract-LS-1002
A red squill extract was prepared at Barnstable, jv'ass. with essen-
tially the same procedure as that used in preparing extract LS-1001,
but with a somewhat cruder apparatus. iCthyl alcohol denatured with
five per cent im thyl alcohol was used as the solvent in place of
methyl alcohol. The data for this extract are given below:
Charge of red squill powder - 75 pounds
height of alcohol used - 221 pounds
Yield of extract - j.12 pounds
A 224 gram sample of the finished extract was taken and its toxici-
ty determined.
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224 grama extract = 150 grams powder
100 grams of bran were added to the sample and the solvent was
,
evaporated.
height of dried extract and bran - 104.2 grams
Weight of dried extract - 4.2 grams
Percentage of powder extracted - 2.8
150 grams powder = 104.2 grams dried extract and bran
1 gram powder = 0.695 grams dried extract and bran
Baits were calculated from this ratio.
Toxicity of extract
1000 mg.Ag. 6/8
750 mg./kg. 8/8
500 mg./kg. 7/8
300 mg./kg. 2/6
uixtracts-LL.-1000-1001-1002 show that effective extracts can be
prepared on a large scale, and that it is possible to prepare red
squill extracts commercially.
Discussion of Results
The results of the preceding extraction studies are condensed
in Table VIII and are largely self-explanatory. These results d o
show that effective red squill extracts c n be prepared both on a
laboratory and a commercial scale. In fact, from the data given,
it appears that extract LS-1001 which was prepared on a large scale
was more toxic than any of the extracts which were prepared in the
laboratory. Both methyl and ethyl alcohol are efficient solvents
Extract Charge of
Ho. Powder
grams
Volume of flatio of
Solvent Solvent to
cubic Powder by
cent i met ers tfeight
TABLE VIII
Summary of Extracts Prepared by Percolation
Solvent Description of Extraction
250.
250
. .
1875 .... 6:1 ... CH3OH .
188.8 l4?0
136.6 1030
250 . . 1875 .... 6:1 C^CH .
Red. Squill
Powder
LS-100. .
LS-101 . .
LS-102 . .
LS-103 . .
LS-104 . .
LS-105
. .
LS-106 . .
LS-107
L3-108
LS-109 . . 250 . .
LS-110 . . 250 . .
L3-111 . . 250 . .
LS-112 ... 250 . .
LS-113 . . 250 . .
1S-114
. . 250 . .
L3-115 . . 250 . .
LS-116
. . 250 . .
L3-117 . . 250 . .
LS-118
.
LS-123
.
LS-124A
.
LS-124E
,
1875 6:1 CH,0H
6:1 CgHepH
6:1 CpHpOE
6:1 .. .
1875 . .
1875 • •
1875 • •
1875 .... 6:1 . .
.{g&JgOB '
.
9k) . .
,
94o . .
. 250
. 250
. 625
.
94o
1875
.
94o
.1875
1875
3:1 on-iOH .
,., (50J6CBSOH
*m * '
"(sojiCgigQr
2:1 ... . CH3OH .
3:1 ... . CH3OH .
6:1 ... . CB3OH .
3:1 ... . CH3OH .
6:1 ... . CH3OH .
.250 .
Lounds
231LS-1000
LS-1001
. 100
LS-1002 75
Gallons
•~55~.
45 .
18
.3:1 ch,oh .
6:1 .
3:1
CH-jOH
Alcohol drained through charge once.
Extract from LS-100 drained through same charge second time.
Extract from LS-101 drained through same charge third time.
Alcohol drained through charge once.
Extract from L3-103 drained through second charge.
Extract from LS-104 drained through third charge.
Alcohol drained through charge once.
Extract from LS-106 drained through same charge second time.
Extract from LS-107 drained through same charge thtrd time.
Soaked in hot solvent for 4 hours.
Soaked in hot solvent for 4 hours.
Soaked in hot solvent for 4 hours.
Soaked in hot solvent for 4 hours.
Soaked in hot solvent for 4 hours.
Soaked in hot solvent for 4 hours.
Soaked in hot solvent
Soaked in solvent for
Soaked in hot solvent
Soaked in solvent for
Soaked in hot solvent
for 4 hours.
3 days,
for 3 days.
6 days,
for 3 days.
Fresh alcohol poured over marc from LS-123. Soaked hot for 3 day*.
Extract from LS-124A poured over new charge of power. Soaked hot
for 3 days.
Soaked in hot solvent for 4 hours. Extract drawn off and poured
back over marc twice.
Soaked in solvent overnight .Placed in nercolator. Soaked in 1/2
solvent for 4 hours. Extract drawn off. Soaked in remainder of
solvent for 4 hours.
Similar to LS-1001
mperature
extraction
grtes C
25
25
25
25
25
25
25
25
60
70
60
60
60
60
60
25
60
25
60
60
60
60
55
55
Powder
Extracted
percent
14.6
14.6
14.6
6.6
5.3
6.2
3.2
2.4
2.0
1?.5
6.3
14.6
6.6
9.4
4.2
7
'1
0.9
10.9
3.9
4.5
14.
3
11.4
2.8
Toxicity of Extract Toxicity of marc
3000
adfiat
3/3
4/4
4/4
4/4
10 X) 7\ , V. 400 ?l A
/ BP mff -//•jetI'h' jf--r. Sfc f c6 .—/__-
r 3/^
4/4 4/4 4/4 0/4
4/4 4/4 3/4 0/4
4/4 1/4 1/4 0/4
4/4 4/4 1/4 0/4
4/4 4/4 2/4 0/4
1/4 0/4 0/4 0/4
n/4U H 0/4 n/U l/4
'1
0/4 ?/4 0/4 0/4
1/4 1/4 0/4 0/4
_ /V,
0/4 2/4 1/4 0/4
2/4 0/4 0/4 0/4
4/4 4/4 4/4
4/4 4/4 4/4
4/4 4/4 4/4
k/k k/k 4/4
4/4 4/4
•<
4/4
4/4 4/4 4/4
4/4 4/4 4/4
5/6 4/6 3/6
3/4 2/4 2/8
4/4 4/4 4/4
3/4 i/k
12/12
n
12/12 12/12
6/8 8/8 7/8 2/6
1/4
1/4
4/4
?/4
3/4
4/4
4/4
1/4
4/4
0/4
0/4
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with methyl alcohol having a slight advantage. Beat treatment seems
to facilitate the extraction of the toxic principle. From a compari-
son of the toxicity of the extracts and the red s uill powder from
which the extracts were prepared, it is evident that practically 100
per cent of the toxic principle has been extracted from the powder.
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Toxicological Study on Red Squill Powder
A standard red squill powder (B-SSi) bas ijeen prepared by Dr.
I
J. C. Munch of the United states Bureau of Biological Survey to be
used as a reference standard in the assay of red squill preparations.
This standard powder was prepared by mixing together five samples of
red squill powder which had proved to be toxic in a preliminary as-
say.
This reference standard was tested for toxicity and the results
of this assay were plotted. Fifty male rats were used for the assay,
their weights ranging from 75-135 grams. The method of assay used
was the same as that described previously in this thesis. The results
of this toxicity determination are given in Table IX, and are plotted
in Figure IV. The plot which was obtained was nearly linear in char-
acter.
The reason that this plot has been made is that it is believed
that the slope of this curve will be constant for the toxicity of all
red squill preparations. If this is so, then it will be possible to
determine the toxicity at various feeding levels by simply feeding the
unknown preparation at one feeding level and then drawing the curve by
using the slope obtained from the standard powder. In this manner any
variation in the susceptibility of the rat colony to red squill can be
compensated for by feeding the reference standard at the same time that
the unknown is fed, and then eo paring the two plots which are obtained.
The slope of these two plots should be the same, although their rela-
tive position to the y-axis will be different.
Table IX
Toxicity of Reference Standard-B-SSl to Rate
Feeding level Results Percentage killed
"fif-Ag. No. killed per cent
100 0/8 0
20° 2/10 20
300 5/10 50
400 7/10 vo
500 8/8 100
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CHEMICAL STUDIES
Standard Powder
For the purpose of the remainder of this investigation, a fif-
ty pound lot of red squill powder was obtained from the K-R-o Com-
pany of Springfield, Ohio. The powder was packed in two, twenty-
fire pound tins. It was removed from the tins, thoroughly mixed,
and replaced in the tins. This was done to insure a uniform powder
and to be sure that all of the subsequent work would be done on
comparable samples.
A portion of this powder was screened to determine the parti ele
size, with the following results:
Sieve Mesh Percentage Retained
50 19.04
50-100 34.87
100-150 15.19
150-200 14.33
200-250 8.48
250-300 5.31
300 3.29
The toxicity of this standard powder was determined by biological
assays on white rats and the results are given below:
Feeding Level Toxicity
mg./kg.
600 8/8
500 19/19
400 20/20
300 25/30
200 6/10
150 9/20
inn
The reminder of the work which is reported in this thesis has all
been done on this standard sample of red squill powder, unless other-
wise stated.
Solubility Studies
At this time, a few more extracts were prepared to further test
the solubility of the toxic principle in solvents other than these
previously tested. Also, scsne of the results of previous extractions
were checked.
All of these extracts were prepared in a Soxhlet extraction ap-
paratus using a charge of 15 grams of red squill powder and 150 cc.
of solvent. The following data show the relationship between the orig-
inal amount of red squill powder from which the extracts were prepared,
and the amount of dried extract which was obtained. The desired quan-
tity of baits which were fed to rats were calculated from this ratio.
The toxicity of the various extracts is also given along with the above
data.
Bxtract-LS-510 (8-hour extraction with water)
6 grams powder - 7.435 grams dried extract and bran
1 gram powder » 1.238 grams dried extract and bran
Toxicity of LS-510 at 2000 mg./kg. was 0/6
Toxicity of marc from LS-510 at 3000 mg./kg. was 6/6
Extract-LS-511 (8-hour extraction with 0.2 per cent H CI)
6 grams powder = 8.010 grams dried extract and bran
1 gram powder • 1.333 grams dried extract and bran
Toxicity of LS-511 at 2000 mg./kg. was 0/6
Toxicity of marc from LS-511 at 2000 mg./kg. was 4/4
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Extract-LS-513 (8-hour extraction with methyl alcohol)
6.52 grains powder - 6.950 grams dried extract and bran
1 gram powder = 1.068 grams dried extract and bran
Toxicity of LS-513 gave following results:
1000 mg./kg. 6/6
750 mg/kg. 6/6
500 mg./kg. 10/12
Toxicity of marc from LS-513 at 3000 mg./kg. was 2/4
Extraet-LS-514 {8-hour extraction with 8 per cent Na2 C03 )
5.77 grams powder » 6.874 grams dried extract and bran
1 gram powder 5 1.191 grams dried extract and bran
Toxicity of LS-514 at 2000 mg./kg. was 0/6
Toxicity of marc from LS-514 at 2000 mg./kg. was 2/4
.Extract-LS-515 (8-hour extraction with diethyl ether)
7.5 grams powder » 5.900 grams dried extract and bran
1 gram powder • 0.787 grams dried extract and bran
Toxicity of LS-515 at 2000 mg./kg. was 0/6
Toxicity of marc from LS-515 at 3000 mg./kg. was 4/4
Extract-LS-516 (8-hour extraction with chloroform)
6.25 grams powder - 5.950 grams dried extract and bran
1 gram powder » 0.952 grams dried extract and bran
Toxicity of LS-516 at 2000 mg.Ag. was 0/6
Toxicity of marc from LS-516 at 3000 mg./kg. was 4/4
Extract-LS-517 (8-hour extraction with Gellosolve-ethylene glycol-mono-
ethyl ether)
10.71 grams powder = 10.246 grams dried extract and bran
1 gram powder » 0.957 grams dried extract and bran
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Toxicity of LS-517 gave following results:
1000 mg./kg. 6/6
750 rag. /kg. 4/6
Toxicity of mre from LS-517 at 3000 mg./kg. TO8 l/s
^Et-c^-LS-518 (8-hour extraction with ethyl alcohol,
5.77 grams powder
- 5.565 grams dried extract and bran
1 gram powder
- 0.964 grams dried extract and bran
Toxicity of LS-518 gave following results:
1000 mg./kg. 6/6
750 mg./kg. 6/6
500 mg./kg. 5/6
Toxicity of marc from LS-518 at 3000 mg/kg. was 0/6
^trac^-519 (8-hour extraction with n-propyl alcohol)
10.42 grams powder
- 8.030 grams dried extract and bran
1 gram powder =0.771 grams dried extract and bran
Toxicity of LS-519 gave following results:
1000 mg./kg. 6/6
j
750 mg.Ag. 6/6
500 mg./kg. 5/6
Toxicity of marc from LS-519 at 3000 mg.Ag. was 6/6
artract-LS-ggi (8-hour extraction with n-amyl alcohol)
9.41 grams powder * 8.482 grams dried extract and bran
1 gram powder » 0.901 grams dried extract and bran
Toxicity of LS-521 gave following results:
1000 mg./kg. 4/6
750 mg./kg. 2/6
Toxicity of marc from LS-521 at 3000 mg./kg. was 6/6
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Discussion of Results
The results of the extraction just described ape nmm^ ±n
Table X, aad show the solubility of the toxic principle in the vari-
ous solvents tried. The results obtained with those solvents which
have been tried before, check fairly well *th the previous results
as can be seen by comparison with Table YI. The toxic principle was
found to be soluble in Cellosolve, methyl alcohol, ethyl alcohol, n-
propyl alcohol and n-amyl alcohol, although the methyl and ethyl al-
cohol extracts were slightly more toxic than the others. Water, 0.2
per cent hydrochloric acid, 0.8 per cent sodium carbonate, diethyl
ether and chloroform did not extract any appreciable amount of the
toxic principle from the red squill powder.
lO 3 in
toH
in
H
in m
CO
0 Hin Siin
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Chemical Studies on Red Squill Extracts
The first portion of this study was conducted on an extract which
was prepared by coining the reminder of extracts LS-lll-ii5-ll6.117-
118-123-124B which had been prepared about six months previously and
which have been described earlier in this thesis, a quantity of red
squill extract of about eight liters was obtained. This mixture of ex-
tracts was not particularly to*ic, having an LD 50 of about 750 per
ft* of rat body weight based on the powder from which the extract had
been prepared. Although this extract was not strongly toxic it was
considered sufficiently toxic for this preliminary chemical work.
Since the toxic rat-lcilling principle has been considered to be
similar to the cardiac glucosides which are present in squill, it was
thought that a similar method might be used in separating the rat-
killing principle from the other inert material present in squill. The
first step in the process involves the precipitation of tannin *ich i.
Present in the methyl alcohol extract in considerable quantities. Such
substances as lead subacetate, lead hydroxide, and salicylic acid are
used as the tannin-precipitating agents (18) (27) (28) (32) (34) (35)
(37). The cardiac glucoside is then prepared from this tannin-free
solution.
For a preliminary trial two grams of lead subacetate were added
to a 100 cc. portion of the methyl alcohol extract to precipitate the
tannin. After shaking intermittently for about one hour to insure com-
plete precipitation of the tannin, the precipitate was separated by
filtration and washed with methyl alcohol. A small amount of lead sub-
acetate was again added to the filtrate but no further precipitate was
formed. The solution was filtered again and then both the filtrate and
the tannin-precipitate were tested for toxicity. The filtrate was
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be accomplished, or the ****** principle «*« also be absQPbed
on the charcoal. To this end. three grams of charcoal (Norit) were
added to the remainder of the above tannin-free extract, and the solu-
tion was heated moderately for about one hour with intermittent
shalcing. This solution was allowed to staM overnight and then the
charcoal was filtered off. This filtrate after treatment with char-
coal, was still toxic. This led to the belief that the rat-miing
principle was not absorbed on the charcoal, although the charcoal
residue itself was not tested for toxicity. In this mmner, ft* was
first thought that this method could be used for the separation of
the rat-lcilling Principle and the cardiac glucoeides, but this is not
true as will be seen later.
Since at this time, it was believed that the charcoal did not re-
move the toxic principle from solution, a new lot of tannin-free e x-
tract was prepared by adding ten grams of lead subacetate to 750 c c.
of the methyl alcohol extract. The tannin precipitate was filtered
off and the tannin-free filtrate was evaporated to dryness. This gum-
my residue was then extracted with ether but none of the toxic princi-
ple was extracted and only a very little of the other material present
«as removed, a portion of this residue was then extracted, with abso-
lute ethyl alcohol in hopes that the toxic principle might be ex-
tracted without also removing any of the sugars which are present in
considerable quantities. This was refluxed for six hours with the
absolute alcohol and at the end of this time both the residue and the
absolute alcohol extract were toxic, lowing that the absolute alcohol
had removed some of the toxic principle but had not completely ex-
tracted it. In addition, the absolute alcohol had also extracted a
considerable amount of the sugar from the tannin-free residue.
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Sine. * *«, prlnolple CMla ^ Mparated^ ^
hy thin B.tbod, fetation ras Mlt triea ^ a^ ^
the sugar. The absolute, alcohol extract wbieh I-.* „nuec had bean prepared was
evaporated dr, and then repaired in water. The reorder of tt .
residue which bad not bear extracted with absolute alcebol was alao
di.aol™, in water and tba two water solutions were then delated
with active yaaat cultures. These two feinting solutions ware al-
low* to stand in a wart, room for about one month. At ,he eBd of
this «™, both aolution, gave a positive test for
showing that th. Mentation procaa. had not completely ramowed tb.
sugars. Ho^, lt ras aoted ^ ^ ^ ^
toe toxicity of the two solutions.
•hile the fomentation which has been described in tb. preriou.
paragraph was progressing, tb. tannin was precipitated fro. a one lit-
.r portion of the methyl alcobol extract with laad aubacetate and fil-
ter* off. tannin-fre. extract was then treated with cbarcoa!
to decolorise and to r«nov. th. cardiac glucoaldea fro* solution. This
to. after the charcoal ban beM remov.d by filtration, it was found
that the tannin-free, charcoal-treated «itw»+~ _T-reaxea n rate was not toxic, contra-
ry to what was previously found. Evidentlv ir,i/rzaen iy, n the previous instance
th. Charcoal bad not removed al! of tb. toxic principle fro, solution
hut only a part of it. This was not noticed at that time. i„aeMch as
the toxicity was not detained quantitatively. S«d.ntl, the toxic
principle bad bean absorbed by the charcoal. This charcoal prow* to
b. toxic
.ben fed to rets. Th. cha^oal, on which the toxic principle
had been absorbed, „a, then dirlded into two portions. On. portion
~
PlaCed ln »*W al«hol and the other in »at.r and both were agi-
tated with en
.Lctrle stirrer for three hours ,t room temperature in
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an attempt to redissolve the toxic principle from the charcoal. After
this treatment, both solutions were filtered to remove the charcoal.
Both filtrates were then tested for toxicity and neither was toxic.
This shows that neither the methyl alcohol nor the water had removed
the toxic principle from the charcoal under these conditions.
At this time another 450 cc. portion of the methyl alcohol ex-
tract was treated ,1th 25 grams of charcoal. The charcoal which was
used throughout this investigation was Norit.
The mixture was agitated with an electric stirrer for three hours
at room temperature without first precipitating the tannin. This
amount of ****** did not completely remove all of the toxic princi-
ple from the extract, hence another 25 grams of chareoal were added
and the process of agitation was repeated. This amount of charcoal
was sufficient to completely remove all of the toxic principle from the
extract. This charcoal after filtration was toxic while the filtrate
was not toxic.
At this time, the supply of methyl alcohol extract was exhausted,
so that it wfew necessary to prepare a fresh supply. This extract was
prepared by percolating the red 8quill powder for four hours at a tem-
perature of 60OC. using methyl alcohol as the solvent. Five different
lots of extract were prepared, the data for which are given below:
Percolator Charge
h2^ 2-' Methyl alcohol Volume of extractgrams cubic centimeters cubic centimeters
1 500 2000 1165
1195
11 500 2000
111 500 2000 1120
17 500 2000 1085
V 250 1000 725
Total 2250 goOO 5290
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AU the abow azt^ts rara ooabi** ana the t0Ilcity „ ^^
tare
.as obtain. TMa ^tura hact « of aW ^ ^ p„r ^
« b-» «*t. iEasraich as „„ qUa„t»8„Ta ohsMoal^ _
ataly pla^a, lt „s not da^ad^ to^ ^
with greater precision.
A 200 cc. portion of this
.ethyl alcohol extract was stirred with
10 gran* of charcoal for six Ws at^ teffiperature
. ^ ^^
coal was mtered off, the filtrate was still toxic and had retained
SOffie
°
f
°
rielnal
of charcoal were added and
the solution was agai, stirred for five hours at room temperature. This
second treatment with charcoal did remove the reminder of the toxic
principle from the extract and also removed the refining traces of
color. These two lots of charcoal were then combined and placed in
300 cc. of water and reflnxod for three hours to attest to remove the
toxic principle fro,, the charcoal. After this refluxing period, the
charcoal was filtered off and both the filtrate and charcoal residue
were examined for toxicity. The charcoal was toxic while the filtrate
was not. This charcoal filtrate was again refluxed with the same water
for another three hour period, but none of the toxic principle was re-
eved fro, the charcoal. It i s evident that the toxic principle can-
not be removed from the charcoal by refining with water.
A one-liter portion of the methyl alcohol extract was taken and
an attempt was made to determine M how much charcoal was necessary
to remove all of the toxic principle from the solution. Small amounts
of charcoal were added and the solution was agitated with an electric
stirrer at room temperature for periods of six hours. After each addi-
tion of charcoal and subsequent agitation, the charcoal was filtered
off and the filtrate was assayed for toxicity. Approximately 80 gram.
of charcoal were necessary to completely adsorb all of the toxic prin-
ciple from one liter of the methyl alcohol extract. It was observed
that the extract was not completely decolorized until all of the tox-
ie principle had been removed from solution. All of these lots of
charcoal were combined, thoroughly mixed, and attempts made to remove
the toxic principle which had been adsorbed on it.
Fifteen gram portions of this charcoal residue were refluxed with
200 cc. portions of two per cent hydrochloric acid, water and methyl
alcohol. At the conslusion of the refluxing periods, the charcoal was
filtered off and both the filtrates and the charcoal residues were
tested for toxicity. The only filtrate which was toxic was the one in
which methyl alcohol had been used. Of the charcoal residues, both the
one from the water reflux and the methyl alcohol reflux, were toxic.
This indicated that the methyl alcohol had removed some of the toxic
principle from the charcoal but not all of it, and that the water did
not remove any of the toxic principle. This result substantiated what
had been previously observed. The reflux with two per cent hydrochloric
acid had evidently destroyed the toxic principle. Tests for reducing
sugars were made on the three filtrates. The only one which gave a
positive test was the sample which had been refluxed with two per cent
hydrochloric acid. Based od the assumption that the toxic principle
is a glucosido, this would indicate that the toxic principle had been
hydrolyxed
.
In addition, it was found that diethyl ether, chloroform, and water
did not remove any of the toxic principle from the charcoal on which it
had been adsorbed, even when refluxed for periods as long as twenty-four
hours. Also a three-hour reflux with ten per cent acetic acid apparent-
ly destroyed the toxic principle.
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A* this tine, it «, deemed ad««,ble lB all ^ ^
uee of only Mthyl alconol „ tie solyent u toiie
Principle^ the charcoel . ,hloh u hafl aaaorbea
_
^ ^ ^
to worm out . procedure ,horeby the gMate8t^ ^ ^^
cm. *™ fron the oharooal- mtMDw pomons of
the charcoal containing tha t0Ilc prlnclpia refirad^ ^ ^
Portion. of methyl alcohol f„ perloaj ^ 3
_
6
_ 9> u ^^
It «. ob..rx.d that acme lo8s in toxicity wuml duriag tha longar
Period, of refluxing, no^
etlone ».re ^ae
. If there ma
. loso fa t0Il0Uy u protabiy
d«e to a partlal mrolysia „f (he toiie principia
_ ^ ^ ^
parent teat there „ no ereat ady.nt.ga in for^ Qf
longer than six hours.
IP the next experiment, fifteen grama of the charcoal
.ere re-
fluxed ,1th four different charge, of methyl aloohol for p.riod. o,
elx hour.. The eharooal
... refluxed »ith one charge of methyl aioo-
hol (300 on., for alx hour, and then filtered off and refluxed again
1th a freah charge of methyl alcohol. Thia *, repeated four timea,
and eyen aft.r thia treatment, the charcoal realdue was «m sllght.
ly toxic. Tha filtrate, from each of the above extraction
.ere all
toxic. Thia laat procedure i. the moat afficlent one xhieh haa been
tried, and it .aa decided to uae thia method In the future.
The filtratea from the above extraction,
.ere than combined and
evaporate* to drynaea on a .team bath. A toxic, gu^, aligbtly y.l-
lo. reaidue .a. obtained
.hich bad an odor similar to that of muety
hay. Thi. concentrat.
,aa then dia.olved in .ater and a teat
and. on it for reducing eugara
.ith Fabling.. 30lutlon
. A MgatlTa
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t«t « obtained .hich would indicate that the adsorption of the toI .
1= principle on chareeal
.as an effective
-ethod of reding the lnter.
faring augers
.hleh
.ere present ln the ^ ^
tract. A easll portion o, this oonoantrata
.hi.. TOs absolved
(
™tar aaa ta.en and dilated and then acidified elth a «u^ of
hydrochloric ecid.
.hie aeldlIled „lltl5„ ^^^ ^^
helf an hour and than this solution gave a strongly positive test far
reducing augers. „iao thin treatment 1th acid had destroyed the toslci.
ty
.hich bears oat the previously observed feet that the acid treafent
hydrolyzes the toxic principle.
A new supply of ffiethyl alCQhol extract preparQd ^ ^^
powder in the same manner as the previous lot. About four liters of ex-
tract were obtained. One liter of this extract was then stirred with
two 50-gram portions of charcoal for t.o, six-hour periods. This treat-
ment removed all of the toxic principle from the original extract by
adsorption on the charcoal. The charcoal was then filtered off and each
portion was refluxed four times with fresh 500 cc. portions of methyl
alcohol for six hours each. This extract which was prepared from the
charcoal, was evaporated to dryness on a sterna bath. The concentrate
which was obtained was gummy and rather darK in color. This concentrate
was then placed in a vacuum desiceator and left for one week, after
which time it was examined and was found to have dried out considerably
and had a slightly crystalline appearance.
Another lot of concentrate was prepared from a 500 cc. portion of
the original methyl alcohol extract and the two concentrates were com-
bined and placed in a vacuum drier and left for about forty hours at a
temperature of 50OC
.
in a vacuum of approximately 29 .5 inches. After
this treatment, the concentrate was thorouShly dried, The concentrate
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«• then TOl,„l28d ,„„ „elghed- ^ ^
~ mrm~«it 6 . 5 8ran, mm represei]tB , yleM of approilMteiy
1.5 p.r cent. This concentrate „as then eIM!lned undo, the horoscope
and was found «j be mostly anorphous ^ ^ ;^^
of crystalline material present.
A portion of this concentrate was sent to Dr. J. c. tomh of the
United States Bureau of Biological Survey to be assayed for the pres-
ence of the cardiac glucosides. These glucosides were present in the
concentrate as determined by biological assay using the frog £8 the
test animal.
The toxicity of this semi-crystalline concentrate to rats was
determined and was found to have an LDqq of about 40 mg.rfer kg. of
body weight. This indicates that the concentrate is about ten times
as concentrated as the red squill powder from which it was prepared.
A one-gram portion of this concentrate was dissolved in water
and acidified with hydrochloric acid ao that the final concentration
was 3.7 per cent. This acidified solution was boiled gently under a
reflux condenser for one hour to hydrolyze the toxic principle. At
the same time, a negative test for cyanogen was obtained with sodium
pierate paper. The hydrolyzed solution was then neutralized with
sodium carbonate and a quantitative test for reducing sugars was made
with Fehling's reagent on this hydrolyzed solution. This solution
contained 18.9 per cent reducing sugar after hydrolysis. Evidently,
the concentrate was not completely hydrolyzed as will be seen from the
results presented a little later.
The remainder of the neutralized solution was evaporated to dry-
ness on a steam bath and the resulting product contained a considera-
ble amount of crystalline material and a black flocculent substance.
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The crystalline substance was probably soflluM^^^
soring the proce„. IUs entlM precipuate ^^
solved io .ater a„d the Uaok flMoulent m%nui ^ ^ (
The filtrate
.as evaporated to dryM9s^ ,^^
contain., th. cl7stallIne mterlfd as ^
substance which was ^na™ +-«,,, v.separated above was dissolved in alcohol and the
solution evaporated to drvneqn & ...u y es. A similar black product was famed
.Mob »as of no use and nothing further was done ,1th It.
Another one gram portion o, the concentrate
„. dissolved in
•star and acidified «ith sulfuric acid so the. the final concents-
tic* of acid
.as about
, Per cent. Tbis acidified solution
.as boiled
gently under a reflux condenser for one hour. Tbe resulting bydrol-
yned solution
.as then neutralised ,1th barium carbonate and «. pre-
cipitated barium sulfate m removed by motion. By hydrolyning
shd neutralism, in this ^nn.,, th„ pre3M0e of ^^^
fe^d by tbe neutralisation process »ss avoided. A „uaptitatl,e
teat for reducing sugars m then made on ,hl3 „.utrali,ed solution rtth
Febling-a selution. U ,as found tc eontein 61.8 per cent taducing sug-
sr »hlch is about thrae times as much as m f0„„a „ the preyiou8^
mination.
The balance of tbe above neutralized solution „a evaporated to
dryness on a etnas, betb. As the solution became
.ore concentrated, a
bleo* fleceulent precipitate foraed .bich
.as removed by filtering.
The product obtained after evaporation
.as amorphous and oligbtly
mm. A negative test for nitrogen
.as obtained »hen a small amount
of this substance «aa beated
.ith soda 11... Thls drled
—
only partially soluble in meter and ethyl alcohol and m3 insoluble
in chloroform ana benzene.
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" **"' M°ther^ °f - mm coventrate W8 m.
« Co. and sonant ert„ ctloB of
«- cfcarcoai Mtw^ yuia ^
approve*
... 6ram „hict _ oooeid9rabiy i9Ba ^ ^
obtained previously.
^ «ve^ portion thie OOIOentrate ^
-« t.„ „ r oeBt 8ulfari0 aola aM ^^
— • * ^ntitnti™ w fQr K4uclne ^ ^
solution snowed the pre6enoe „ ^ ^ ^
^
M°alM9r
°
f
"» -*«^- —«« » then evaporated to
More, one portion or tnia pro.net raE dl3BolTsd t,^ ^
treated with bromine. A Dreololt«t»p oc Pltete was formed rtlol iBolMt#, tjMt
«. Produet « p0SBlbly pheDoUc ta chareoter
_ ^m*^
.„ and in aioonoi ana e.aporated „ dryMes
The preset which «. ohteined Has i(lrk and gffi„!,-
At the present tiM> this „ as £ as jfc..^ ^ Jjj.«—
. „ ls plsJmed „ tte^ to ^ ^^^ ^
Present in the hydroly2ed Produot Md t0 ^ ^ ^
proanot
.hi ah r<>mlt„ an„ the of ^^
SUMMARY
The literature concerning red squill and its use as a rat poison
has been extensively reviewed.
The toxic principle of red squill is soluble in methyl, ethyl,
n-propyl, and n-amyl alcohols and Cellosolve (ethylene glycol
mono-ethyl ether). It is insoluble in water, diethyl ether,
acetone, ethylene dlchloride, chloroform, and .8 per cent so-
dium carbonate.
The toxic principle is destroyed by hot treatment with hydro-
chloric and acetic acids.
Methyl alcohol has proved to be the most efficient solvent in
the extraction of the toxic principle from red squill powder.
It has been proved that it is feasible to prepare toxic red
squill extracts on a coasnercial scale as well as in the labora-
tory. Practically 100 per cent of the toxic principle can be
extracted from the red squill powder.
A toxicity curve has been prepared on the toxicity of the refer-
ence standard red squill powder B-SS1.
A red squill concentrate has been prepared which is approximate-
ly ten times as toxic as the red squill powder from which it was
prepared. This represents a yield of about 20 per cent of the
toxic principle from the red squill powder. This concentrate is
prepared by first making a methyl alcohol extract from red sqiill
powder and then adsorbing the toxic principle from this extract
with charcoal. The toxic principle is then removed from the char-
coal by extraction with methyl alcohol. This extract is then evap-
orated to dryness and the product obtained is the concentrate.
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The chemical nature of this concentrate has been studied but no
great amount of progress has been made although considerable
work has been done. The concentrate is readily hydrolyzed by
treatment with acid and after hydrolysis shows the presence of
about 60 per cent reducing sugar. This hydrolysis destroys the
toxicity of the product. The hydrolyzed product when evaporated
to dryness is only partially soluble in water and ethyl alcohol
and is insoluble in chloroform and benzene, xhe hydrolyzed
product when dissolved in water and treeted with bromine forms a
precipitate which indicates the possible phenolic nature of the
substance.
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